Potential ENSO-related predictability of wintertime daily extreme precipitation and temperature frequencies is investigated. This is done empirically using six decades of daily data at 168 stations distributed over the contiguous United States. ENSO sensitivity in the extreme ranges of intraseasonal precipitation and temperature probability density functions is demonstrated via a compositing technique. Potential predictability of extremes is then investigated with a simple statistical model. Given a perfect forecast of ENSO, the frequency of intraseasonal extremes is specified as the average frequency of occurrence during similar-phased ENSO winters on record. Specification skill is assessed as the cross-validated proportion of local variance explained by this method. The skill depends on varying ENSO sensitivity in different geographic regions and quantile ranges and on consistency or variability from one like-phased ENSO event to another. ENSO sensitivity also varies according to the intensity of the tropical forcing; however, not always in the expected sense. Good predictability is likely for variables and in regions displaying a strong and consistent ENSO signal. This is found in some coherent regions of the United States for various combinations of frequency variable and ENSO phase.
Introduction
For ENSO-active years, long-lead U.S. climate forecasts are based largely on two widely accepted premises: 1) long-lead predictability of tropical Pacific warm and cold sea surface temperature (SST) anomalies and 2) the influence of these anomalies on North American precipitation and temperature fields. The Climate Prediction Center (CPC) issues operational probability forecasts of seasonal mean temperature and total precipitation categories (O'Lenic 1994) . CPC forecasts, in their raw format, are being underutilized by prospective users in part because of the limited information they contain (Changnon et al. 1995) . This deficiency has been addressed through creative attempts to get at information about intraseasonal variability associated with wholesale shifts in seasonal temperature and precipitation (Briggs and Wilks 1996; Robinson 1996) . These approaches make use of statistical resampling schemes to build up seasonal distributions or probability density functions (PDFs) of daily observations conditional on the CPC seasonal forecast. Useful predictands, such as frequencies of daily extreme temperature and precipitation events, can then be extracted from the reconstructed conditional PDFs.
Although bootstrap reconstruction is probably the best way to extract extreme frequency information from a CPCstyle forecast, a forecast of seasonal temperature means or rainfall totals is not designed to be specifically sensitive to interannual signals in the frequency of extremes. This point gains significance in view of new evidence that tails of seasonal temperature and precipitation PDFs can be more ENSO sensitive than measures of central tendency (Cayan et al. 1996; Gershunov and Barnett 1996, 1998) . Gershunov and Barnett (1998, hereafter GB98) , identify FIG. 1. Dots and triangles represent station locations for 168 stations used in this study. Clusters of inverted and upright triangles indicate stations in the regions where regional precipitation and temperature probability density functions are displayed in Figs. 2 and 3, respectively, and discussed in section 3.
geographic regions with ENSO sensitivity in the warm and cold tails of the wintertime daily temperature PDF in the contiguous United States. They find little spatial correspondence between ENSO sensitivity in the opposite tails of the intraseasonal temperature PDF. Regions with ENSO-sensitive seasonal temperature means and seasonal total precipitation (e.g., Ropelewski and Halpert 1986, 1996; Kiladis and Diaz 1989) are not necessarily representative of regions with ENSO-sensitive frequencies of extreme temperature and precipitation events. A CPC-style forecast misses these potentially predictable features of climate variability. Moreover, in areas for which a CPCstyle forecast (different from climatology) can be issued, resampling the daily PDFs conditioned on the forecast can contain spurious information and cannot be expected to reconstruct nuances of intraseasonal variability unless resampling is done with respect to ENSO phase.
Complexities of the interannual modulation of intraseasonal variability may be rationalized through a conceptually simple dice analogy. Each face of the dice corresponds to one of the several preferred extratropical wintertime (and possibly other seasons') weather regimes. One, for example, would be the well-known Pacific-North American pattern and the surface weather patterns associated with it. Other faces of the dice would correspond to other characteristic regimes (e.g., Michelangeli et al. 1995) . When Mother Nature throws the climate dice, weather conditions change. With certain climatic probability, a different weather regime sets in. The effect of the ENSO phenomenon is to change the loading in the dice, so that during ENSO winters most outcomes of a dice throw are still possible but with probabilities somewhat different from climatological ones depending on ENSO phase, intensity, and other factors. So the seasonal mean extratropical circulation is affected by ENSO mainly through its effect on the frequencies in the occurrence of some typical weather regimes. This form of teleconnection is very subtle and this subtlety is what we need to tap into in order to make skillful ENSO-based forecasts in particular and longlead climate forecasts in general.
In this paper, we discuss a direct approach to longlead prediction of extreme event frequencies, a simple approach designed to specifically pick out ENSO signals in the tails of the PDFs, regardless of signals in mean temperature or total precipitation. Data and the ENSOcompositing approach are briefly described in section 2. Section 3 presents some observed regional PDFs of wintertime daily temperature and precipitation to illustrate ENSO sensitivity of extreme event frequencies. The methodology for long-lead statistical prediction of extreme temperature and precipitation event frequencies is discussed in section 4. Potential predictability that can be expected from this method is assessed for wintertime daily extremes of U.S. precipitation and temperature and implications for operational forecasting are discussed. Section 5 summarizes the main findings.
Data
Daily records of rainfall amount and average temperature (average of daily maximum and minimum temperature) at 184 stations were obtained from the National Climatic Data Center. Starting day of the record varies from station to station with some stations' records dating back to the 1910s. The common ending day is 31 December 1993. A subset of 168 stations with data beginning in 1 January 1933 was chosen as a compromise between record length and spatial coverage. The spatial distribution of these 168 stations is displayed in Fig. 1 . January, February, and March (JFM) data are retained and subdivided into El Niño (warm), La Niña (cold), and other (base) winters. El Niño and La Niña winters are identified as those winters in which the December, January, and February (DJF) average detrended SST anomaly (from the Comprehensive Ocean-Atmosphere Data Set) in the NINO 3.4 region (5ЊS-5ЊN, 170Њ-120ЊW) is more than 1.1 standard deviations (1.1, corresponding to 0.8ЊC) above or below the long-term (1930-95) mean respectively. The NINO 3.4 SST is chosen for selection of ENSO cases because it exhibits both the best boreal winter predictability with coupled models (Barnett et al. 1993 ) and a well-established influence on the extratropical large-scale circulation (e.g., Graham and Barnett 1994) . El Niño winters are defined to be 1941 , 1942 , 1958 , 1966 , 1969 , 1973 , 1983 , 1987 , and 1992 La Niña winters are 1934 , 1943 , 1950 , 1956 , 1971 , 1974 , 1976 , 1985 , and 1989 ; all other winters are defined as neutral or base. In practice, the threshold for the identification of ENSO active seasons can be adjusted according to the forecasted magnitude of NINO 3.4 SST. Results were examined for sensitivity to the choice of -level threshold. Although, only those results
Base (solid), warm (short dash), and cold (long dash) ENSO episode composite mean probability density functions (PDFs) of wintertime daily total precipitation amount for the four regions delineated by inverted triangles in Fig. 1 . Thick lines represent the smoothed mean composite PDF and thin lines of the same type are the approximate jackknifed 95% confidence intervals.
based on the 1.1 threshold are shown, sensitivity of particular signals to the choice of intensity threshold is discussed when appropriate.
Prior to further processing of daily temperature data, the seasonal cycle was modeled with annual and semiannual harmonics and removed. This removes the temporal bias of cold and warm JFM temperature extreme frequencies (see below) toward the beginning and end of the season, respectively. In addition, results were also computed with the low-frequency (10ϩ years) trend removed. However, since this filtering did not affect significant changes in any of the results, results presented below were obtained with unfiltered data.
Intraseasonal PDFs
Before proceeding further, it is informative to inspect a few wintertime regional PDFs of daily precipitation and temperature (Figs. 2 and 3, respectively) . These PDFs, composited by ENSO phase, help to get a general feel for the interannual modulation of regional intraseasonal variability. To illustrate ENSO influence on the PDFs' tails, regions known to exhibit ENSO signals in the frequencies of extremes (GB98 and section 4, this paper) were chosen. These are some of the areas where one could hope to achieve good extreme frequency forecasting skill (see below). All PDFs are displayed in the same generic format. For each variable and at each station, quantiles of the climatological JFM distribution of daily values are derived. Each daily value is then coded as its corresponding probability of being larger than another random observation from the same empirical PDF at that station. For example, the observed daily rainfall total of 18 mm on 13 February 1967 in Akron, Alabama, is coded as 0.75 because it corresponds to the 0.75th quantile of the JFM daily rainfall climatology computed from the entire 61 winters on record. This is identical to the probability value obtained from the sta- tion's climatological cumulative density function. The conditional PDFs are smoothed with a Gaussian window of width 0.4 and displayed in units of probability.
Because, unlike temperature, rainfall is an episodic variable (we do not include zero events in the computation of the empirical PDFs), a frequency adjustment is made to the rainfall PDFs. Each conditional rainfall PDF is scaled by the average frequency of rainfall days in winters classified by ENSO phase. This ensures that ENSO influence on the frequency of rainfall, as well as on the distribution of daily amounts is accounted for. This is why the area under the rainfall PDFs is not unity but represents the probability of having a rainy day. Thus, the definite integral of the scaled rainfall PDF represents the probability of daily rainfall amount falling in a quantile range defined by the limits of integration for all winter days (conditional on ENSO phase) rather than just for days with measurable rainfall.
Smoothed conditional precipitation PDFs for the eastern Gulf Coast, northern California, central plains, and the Ohio-Kentucky-Tennessee region are displayed in Figs. 2a-d, respectively. Temperature PDFs for Texas and the northern plains are displayed in Fig. 3a and 3b, respectively. All conditional PDFs (thick lines) represent the composite mean PDF with approximate 95% confidence intervals (thin lines) estimated by jackknife resampling (Efron 1982) . In what follows, ENSO signals in the PDFs are discussed relative to base years' climatology.
Precipitation PDFs (Fig. 2 ) tell the following regional stories. The eastern Gulf Coast experiences a higher frequency of precipitation in the entire quantile range during warm ENSO and lower frequency in the cold ENSO years. The strongest ENSO signals, however, are in the heavy tail of the PDF: note the excellent separation of the 95% confidence regions (CRs) in the heavy 15%-20% tail. It is not surprising that this translates into a very strong ENSO signal in total winter precipitation (e.g., Ropelewski and Halpert 1986, 1996) .
Large precipitation extremes are generally well reflected in seasonal totals; however, one could imagine a scenario where moderate rain frequency increases while strong rain frequency decreases (or vice-versa) confounding the seasonal total signal. Northern California provides an example of this. Although rainfall frequency tends to increase in the entire quantile range during El Niño winters, La Niña winters on average tend to experience more frequent drizzle and less frequent heavy rains. The largest separation between the warm ENSO, base, and cold ENSO signals, though, is found in the heavy tail. However, interevent variability is high as attested by the rather wide 95% CRs.
The central plains also tend to experience the largest signal separation and, hence, the largest potential predictability in the heavy range of the rainfall PDF. The variability for the nine El Niño winters is larger than that for the nine La Niña winters throughout the quantile range. It is noteworthy that despite the geographical and climatological disparity of the three regions considered thus far, their JFM daily precipitation PDF response to ENSO forcing is similar in its most notable features.
The Ohio-Kentucky-Tennessee region tends to experience average rainfall conditions during La Niña winters, albeit with accentuated year-to-year variability in the heavy tail. The best defined signal of interest is in the upper 10%-15% of the distribution. This signal corresponds to a strong and consistent decrease in the frequency of very heavy rainfall events during El Niño winters.
Temperature PDFs for Texas (Fig. 3a) suggest that warm extreme frequencies are increased during La Niña and decreased during El Niño winters. Frequencies of moderately cool events exhibit the opposite, albeit weaker signals, while frequencies of extremely cold
days remain unaffected by ENSO. The upper 10% of the PDF is the most likely quantile range in which to look for potential predictability. Interestingly, rather large regions of the southern United States display similar signals in wintertime daily temperature PDFs during one or the other phase of ENSO.
The northern plains temperature composite El Niño signal is characterized by a reduction (enhancement) of below-(above-) median daily temperature frequencies. The confidence region is rather wide indicating large inter-El Niño variability. During La Niña winters, no statistically significant signals are apparent (note that base years' CR is contained within the La Niña CR throughout the quantile range). The general structure of northern plains' composite PDFs is similar to that of many other regions of the northern United States (e.g., Pacific Northwest, northern Rockies) suggesting once again, large spatial coherence of ENSO temperature signals.
In summary, the canonical PDFs illustrate regional ENSO sensitivity in the frequencies of extremes. Both the canonical mean signal and interevent variability around this mean signal are illustrated. Some common features are brought to light by this analysis. One important feature is the well-known nonlinear response to forcing by opposite ENSO phases (e.g., GB98, Hoerling et al. 1997; Livezey et al. 1997 ). Another feature is the differential sensitivity to similar forcing in various quantile ranges of wintertime daily precipitation and temperature PDFs. This quantile-dependent sensitivity manifests itself in both magnitude and consistency (or level of interevent variability). In particular, sensitivity in the extreme range (PDF tails) is not necessarily associated with the kinds of wholesale PDF shifts that are well represented by changes in the mean. These features of the ENSO signal illustrate the motivation for attempting to predict extreme frequencies directly. Assessing potential ENSO-related predictability of these features is the focus of the remainder of this work.
ENSO-based prediction of extreme frequencies
The signals described in the previous section are mean ENSO signals. These might help to identify regions with potential ENSO predictability both in terms of geographic location and quantile range. However, good separation in quantile ranges of composite mean PDFs does not guarantee skillful predictability in an individual ENSO winter. This is so because of the large interevent variability of ENSO teleconnections. Kumar and Hoerling (1997) examined the inter-El Niño variability in the Pacific-North American wintertime 500-mb height anomaly and found that a large part of the signal is due to internal atmospheric variability rather than SST forcing and may therefore be inherently unpredictable. This view is consistent with model results reported by Lau (1997) , who suggests that prominent SST episodes in the tropical Pacific appear to enhance the frequency of occurrence of certain preferred internal atmospheric modes. However, this enhancement is probably generally modest. To be sure, most characteristic modes of large-scale midlatitude winter circulation can occur with various frequencies during ENSO episodes, providing for large interevent (similar phase) variability. The ENSO signal in surface variables examined here depends on tropical Pacific SST indirectly through SST forcing of large-scale atmospheric flow patterns. This signal, therefore, is expected to be yet more noisy and less predictable than the large-scale flow signal controlling it. In this section, we make the first step to directly assess potential ENSO-based statistical predictability in the U.S. wintertime extreme frequencies. This is done by examining spatial patterns of signal magnitude and consistency.
a. ENSO phase model
The simplest possible long-lead ENSO-based statistical forecasting scheme would use a long-lead prediction of tropical Pacific SST (e.g., Barnett et al. 1993) to classify the season in question (say, winter) as warm ENSO, base, or cold ENSO and prescribe the mean field of the variable in question (e.g., frequency of extreme precipitation events) computed from all past winters characterized by the same ENSO phase. Because this model uses no intensity information beyond the Ϯ1.1 NINO 3.4 SST threshold used to define ENSO phase, it shall be referred to as the ENSO phase model. Result sensitivity to threshold choice will be discussed. Using our 61-winter record, we can examine the skill of such a simple model in predicting the frequencies of extreme precipitation and temperature events as follows.
Let us define a heavy precipitation event as one with daily rainfall amount greater than the 75th percentile of the base winters' daily precipitation climatology and extreme as one beyond the 90th percentile. An extreme cold temperature event is defined as a day with average temperature less than the 10th percentile of the base winters' daily temperature climatology and an extreme warm event, greater than the 90th percentile. For each JFM period, frequencies of heavy and extreme precipitation events (HPF and EPF) and frequencies of extreme cold and warm events (ECF and EWF) are recorded. Quantiles for these variables are derived at each station from the 61-year climatology. Each seasonal value is then ranked according to its respective climatological probability of being larger than another observation from the same empirical PDF. This quantile transformation is done to ensure that a prediction based on a composite mean frequency will not be artificially biased towards higher values. Raw frequencies of extreme events are bounded by zero on the low end much more realistically and rigidly than they are bounded by the number of physically possible events on the high end (i.e., 90 days in JFM). A composite mean will, therefore, be unduly influenced by high-frequency observations. A specification bias toward higher frequencies was observed when working with untransformed frequencies. Therefore, all statistical model results described below are based on CDF-transformed wintertime daily occurrence frequencies of heavy and extreme precipitation and extreme temperature events (i.e., HPF, EPF, ECF, and EWF).
Specification skill or potential predictability of the phase model is assessed as follows. For each ENSO winter (the definition of ENSO phase is the same as in section 2), the squared deviations from the mean of the remaining like-phased winters are computed at each station for each frequency variable defined above. Summing this quantity over all warm ENSO episode winters gives the El Niño error sum of squares:
from which the cross-validated proportion of variance explained, ( ), by the ENSO phase model is calculated 2 R cv for all El Niño winters on record:
Here, f represents either HPF, EPF, ECF, or EWF; w indexes warm ENSO episode winters; f (Ϫw) is the mean of f for all El Niño winters excluding winter w; and TSS w is the total sum of squares for El Niño winters, where f is the climatological mean of f computed from all winters in the 61-winter climatology. The La Niña cross-validated variance explained, (c), is similarly 2 R cv computed from cold ENSO episode data.
The mean of all nine El Niño and nine La Niña winters' HPF ( f w and f c , f ϭ HPF) is displayed in Fig. 4  (panels a and b, respectively) . This is the JFM ENSO signal as well as the specification or potential prediction 
b. Statistical significance assessment
The shading on Figs. 4-7 represents 95% statistical significance. This was assessed as follows.
Bootstrap resampling (Efron 1982 ) was used to build up distributions of noise in specification and skill. This was done by subsampling the 61-winter climatology of the four frequency variables as follows. Here, N w and N c randomly chosen winters were used to represent the warm and cold ENSO episode composites. The f w and f c for f ϭ HPF, EPF, EWF, and ECF were computed from these random composites, representing purely accidental signal or noise. Accidental specification skill ( ) was also recorded using the random composites.
2 R cv The procedure was repeated 100 times to build up distributions of totally random signal and cross-validated skill. Signal and skill measures obtained from the true warm and cold ENSO episode composites were compared to the bootstrapped distributions at each location. Signal significance was assessed with a two-tailed test, while skill significance was assessed with a one-tailed test, both at the 0.05 level of significance. In other words, those signal values less than the 2.5th or greater than the 97.5th percentiles of the corresponding accidental signal distributions were deemed significant. Likewise, those skill values greater than the 95th percentile of the corresponding accidental skill distributions were deemed to be significant at the 0.05 significance level. Fig. 4) shows significant increases during El Niño winters in the coastal southeast, central plains, and in limited southwestern locations. Significant decreases are observed south of the Great Lakes in the Ohio River valley and in the northwest. Many of these signals increase in magnitude, if not in significance, with deletion of weaker El Niño cases (higher level thresholds). During La Niña winters, the general pattern is nearly the inverse of that for El Niño (compare the positions of the median line and polarity around it in Figs. 4a,b) . However, significant La Niña signals are limited to localized decreases. Significant signals generally correspond to the upper and lower thirds of the climatological HPF distribution. They are generally consistent as attested by positive and significant specification skill ( ). Curiously, signal strength, spatial co-2 R cv herence, skill levels, and significance all improve in the Southwest, especially throughout California and parts of Nevada, Arizona, and Utah, with inclusion of weaker La Niña cases (lower level thresholds).
c. Results

HPF (refer to
EPF (refer to Fig. 5 ) shows generally similar, if somewhat noisier ENSO patterns and signals. Although the EPF decrease in the Southwest during La Niña winters is rather large (specification in the lower third of the climatological EPF PDF), little significance in the signal and skill is found. The strength of the southwestern signal is due to a subset of the La Niña winters being remarkably dry, while the lack of significance and specification skill are due to very large non-ENSO interannual variability and strong inter-La Niña variability, respectively. Interestingly, although signal magnitude does not increase, signal significance along with skill magnitude and significance improves notably when the La Niña winter sample is enlarged by the inclusion of weaker La Niña cases.
EWF (refer to Fig. 6 ) shows significant and consistent decreases in the southern and eastern United States. None of the salient features of this signal are very sensitive to the choice of level threshold used for selection of El Niño cases. Localized significant EWF increase is evident in the Midwest just southwest of Lake Superior. This signal grows in magnitude, significance, and geographic extent with deletion of weaker El Niño cases. Conversely, it disappears with inclusion of weaker cases. During La Niña, EWF is significantly enhanced in the southern United States in Texas, New Mexico, and parts of surrounding states. This signal is also very stable with respect to inclusion/deletion of weaker La Niña cases.
ECF (refer to Fig. 7 ) is significantly but inconsistently decreased in the northern-northwestern United States during El Niño winters. Weaker but more consistent decrease is observed south of the Great Lakes. These signals do not improve with deletion of weaker El Niño cases. However, with addition of weaker cases, signal consistency improves in the Northwest and a significant consistent decrease in ECF appears all along the West Coast. Also, with inclusion of weaker El Niño cases, the increase in the frequency of extremely cold days becomes stronger, broader, more significant, and consistent in the Southeast. During La Niña, weak increases in ECF are observed in the Northwest and northern Rockies. This signal does not improve with inclusion/ deletion of weaker La Niña cases. However, an increase in ECF is affected by inclusion of weaker cases in the vicinity and west of the Great Lakes. A rather strong, stable, and consistent but very localized ECF increase is observed in Maine. This could be a peripheral manifestation of a larger-scale signal. 
d. Relevance to practical prediction
Based on the above findings, the following user-tailored operational prediction scheme is proposed. The user defines a seasonal variable for long-range prediction. This could reflect any feature of intraseasonal temperature and precipitation variability resolvable with available long-term records. Analysis similar to that presented above is performed to target geographic regions with potential predictability during various seasons-ENSO phase combinations. Given a long-range prediction of ENSO condition favorable for prediction of the specific variable, in the season and location of interest, user-tailored regional forecasts can take the following form. Several categories can be defined from the longterm record, the number of categories to be optimized depending on data constraints, and desired forecast resolution. The forecast can then specify the probabilities of categorical occurrence based on recorded seasons characterized by ENSO conditions similar to those predicted.
As an example, consider the following sample probability forecasts for JFM given a prediction of strong DJF NINO 3.4 warming. Based on the current prediction with the hybrid coupled model of Barnett et al. (1993) this is appropriate for JFM 1998. Using El Niño results displayed on Figs. 4-7, several promising (or just illustrative) regions can be targeted (Fig. 8) . Figure 9 presents sample probability forecasts in five categories. The categories are defined by quantiles (0.2, 0.4, 0.6, and 0.8) splitting the local (station) climatological distribution into fifths (low, medium-low, average, medium-high, and high). The regional (station-average) climatological probabilities are denoted by dots (locally, these are 0.2 for each category). Forecasted regional probabilities are denoted by bars. Regional forecasts are given here to deemphasize local influences. Local forecasts may also be appropriate depending on user specifications. In any case, class limits have to be specified locally.
In northern California, probability of high JFM heavy rainfall frequency is 56%, while other categories occur with lower-than-climatological probabilities and the low category does not tend to occur during strong El Niños. The central plains exhibit an overall tendency toward more frequent heavy rainfall events. The Ohio-Kentucky-Tennessee region exhibits a very strong tendency toward very infrequent extreme rainfall events. In the deep South, frequency of extremely warm outbreaks is strongly and consistently decreased. In the northern plains, frequency of extremely cold outbreaks is strongly yet inconsistently decreased, while in the MichiganOhio-Indiana region it is weakly yet consistently decreased. Strong and consistent signals such as those displayed in Figs. 9c,d account for potentially very good predictability. The reader is invited to check that the magnitude and consistency of the sample regional forecasts presented in Fig. 9 are well reflected in the magnitudes of f w and , respectively, presented in the 2 R cv corresponding maps on Figs. 4-7a and 7c. The usefulness of a forecast will often be determined by some compromise between forecast magnitude and consistency. This compromise should be considered with particular users' needs in mind.
Summary and conclusions
Tails of the intraseasonal precipitation and temperature PDFs can be sensitive to ENSO. This sensitivity in daily extreme frequencies can occur independently of the ENSO influence on central tendency or seasonal mean. Moreover, in some regions of the contiguous United States, ENSO sensitivity increases toward the extreme ranges of the PDFs. The value of accurate longrange seasonal predictions of extreme intraseasonal event frequencies is undisputed. It is impractical to use long-range forecasts of seasonal precipitation totals or temperature means as the basis for forecasting frequencies of extreme intraseasonal events. GB98 showed that ENSO sensitivity of wintertime daily precipitation and temperature extreme frequencies is not adequately reproduced by a state-of-the-art GCM. Therefore, a direct statistical approach to long-range seasonal prediction of intraseasonal extreme frequencies was investigated.
Based on 61 yr of daily temperature and precipitation data, the warm and cold ENSO episode signals in the JFM frequencies of heavy and extreme daily precipitation (HPF and EPF) and extreme warm and cold temperature events (EWF and ECF) were described. Significant and stable signals suggest reasonably good potential ENSO-based predictability of HPF along the Gulf Coast, central plains, Southwest, and in the Ohio River valley for El Niño winters and in the Southwest and Florida for La Niña winters. Generally similar signals are observed for EPF. Low EWF is potentially predictable in the southern and eastern United States during El Niño winters, while high EWF occurs in the Midwest during the strongest events. La Niña winters exhibit predictability of high EWF in a large area of the southern United States centered on Texas. ECF decreases along the West Coast and increases in the Southeast during El Niño winters but consistently enough to warrant the claim of potential predictability only during weaker El Niños. An increase in ECF is observed in the Midwest during La Niña winters but again with more consistency during the weaker cases.
Magnitude of the tropical Pacific SST anomaly appears to be important in determining the nature of ENSO VOLUME 11
. El Niño JFM probability forecasts for various frequency variables and regions (see Fig. 8 ). All forecasts represent regional average probabilities (bars) of a frequency variable falling into one of five categories representing low (0%-20%), medium-low (20%-40%), average (40%-60%), medium-high (60%-80%), and high (80%-100%) quantile ranges of the 61-yr local climatological distributions. Climatologically, the probability of occurrence in any of the five categories is 0.2, locally. Regionally averaged climatological probabilities (shown by dots) deviate from local uniformity.
teleconnections (e.g., Kumar and Hoerling 1997) . It is commonly expected that larger tropical forcing should lead to larger extratropical anomalies. However, this is probably not always and everywhere the rule. The strength and stability of signals appear to depend rather inconsistently on ENSO intensity with respect to ENSO phase, variable, and geographic location. For example, the HPF decrease observed in the southwestern United States during La Niña winters is stronger and more consistent for composites which include weaker La Niñas. Admittedly, some of the changes observed to occur with deletion or addition of weaker ENSO cases may have been due to sampling variability. It is reasonable to address questions of signal sensitivity to ENSO intensity on a regional basis. A detailed regional study exploring western United States rainfall sensitivity to ENSO intensity is forthcoming.
An operational forecasting scheme was suggested whereby a user would provide desired forecast specifications and forecast usefulness would be assessed on a user-by-user basis according to a combination of the magnitude of the forecasted anomaly and the consistency of the forecast. The approach is designed to accentuate these forecast features.
Although the explicit thrust of this work is toward the practical goal of long-lead climate prediction, some fundamental concepts of natural climatic variability and ENSO teleconnections come to light through their ef-fects on ENSO-based predictability. Many of these observations have been made before as referenced.
R Varying ENSO sensitivity in different geographic
regions and quantile ranges of intraseasonal PDFs. Forecasts and their skill depend on geographic location and the PDF quantile range defining each precipitation or temperature frequency variable. A good example of this is the excellent potential predictability of EWF in broad regions of the United States but the general lack of ECF predictability. For more on ENSO sensitivity in an intraseasonal context see Cayan et al. (1996) and GB98. R Nonlinearity of ENSO teleconnections. El Niño and La Niña regional specifications are not opposites of each other. Their associated skill depends on ENSO phase. One example of this phenomenon is good skill for southeastern EWF during El Niño but not during La Niña. For more on observed and modeled nonlinearities in ENSO teleconnections in a seasonal and monthly mean context see Hoerling et al. (1997) and Livezey et al. (1997) , and in an intraseasonal context see GB98. R Inter-El Niño (La Niña) variability. Specification skill levels are extremely variable even in regions where ENSO signals are known to be strong. This is a direct reflection of the fact that although a well-defined canonical ENSO signal may exist, individual seasons (winters) will differ substantially from the canonical signal. This level of interevent variability in ENSOsensitive regions determines potential predictability. EPF in the Southwest, for example, shows a strong canonical La Niña signal (Fig. 5b ) but because the inter-La Niña variability is high, low-specification skill is achieved there. For more on inter-El Niño variability in a seasonal and monthly mean context see Kumar and Hoerling (1997) and Livezey et al. (1997) .
More work toward understanding these features of climate variability would be of great practical value for improving long-range climate predictions.
